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Abstract: Numerous monitoring studies have demonstrated overheating of bedrooms in English homes during 
summer. Elevated bedroom temperatures can degrade sleep quality and impinge on health and well-being. This 
paper examines Public Health England’s advice to ‘move into a cooler room, especially for sleeping’ in hot 
conditions. Temperatures were monitored in 33 dwellings across the English Midlands between 1 May and 30 
August 2018: the joint hottest English summer on record. The bedroom temperatures were analysed using the 
recommended CIBSE criterion that there should be no more than 1% of annual occupied hours over 26°C; 
adaptive comfort criteria are deemed inappropriate for sleeping persons. In half of the main bedrooms, 
temperatures exceeded 24°C for more than a third of sleeping hours. The CIBSE overheating criterion was 
exceeded in 78% of master bedrooms. Even if everybody in a household slept in the coolest bedroom, 70% 
would still experience overheating. Assessing the living room as a bedroom led to a substantial reduction in 
homes classed as overheating. It is concluded that, whilst public health advice to seek cooler spaces during hot 
weather is well founded, such ‘safe havens’ for sleeping may exist only for a minority of English households. 
Further work is, however, needed. 
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1 Introduction 
There is growing evidence from monitoring studies that UK homes exhibit indoor overheating 
in summer, with up to 1 in 5 overheating even in a cool summer (Beizaee et al., 2013). The 
summer of 2018 was the joint hottest on record for the UK (Met Office, 2018). McCarthy et 
al. (2019) report that a 2018-like summer could be more common than not by mid-century. 
With this predicted rise in summer temperatures and the likelihood of longer, more frequent 
and intense heatwaves (Christidis et al., 2015) the spatial extent and severity of overheating 
in homes will increase. 
It is acknowledged that very high ambient temperatures are linked to an increase in 
mortality and other health effects (Murage et al., 2017). For example, the 2003 heatwave led 
to 2,091 excess deaths in England (Johnson et al., 2005). There are concerns that these heat 
related deaths could rise to over 7,000 by the 2050’s (Hajat et al., 2014). At night, indoor 
conditions will be most relevant for people’s health, thermal comfort and sleep quality. High 
indoor temperatures were noted as a key factor in heat related deaths during the 2003 
European heatwave (Kenny et al., 2019). Understanding the temperatures that people are 
exposed to in their homes during night-time hours, especially in hot summers, will add to the 
evidence base on overheating risk. 
The protection against outdoor heat is key to a well-functioning dwelling. 
Notwithstanding the potential health impacts, higher indoor temperatures will affect 
occupants through reduced thermal comfort and difficulty sleeping. There are also concerns 
that the current low adoption of domestic air conditioning in the UK will increase to maintain 
comfort (Peacock et al., 2010), impacting on peak electricity demand and carbon emissions. 
Moreover, equity issues are raised in households being unable to pay for the increased energy 
needed to keep homes cool (Maller and Strengers, 2011).  
Several UK monitoring studies (Beizaee et al., 2013; Gupta et al., 2019; Mavrogianni et 
al., 2017; Vellei et al., 2017) have highlighted that bedrooms, in general, are more likely to be 
assessed as overheating. High temperatures at night can limit a person’s ability to recover 
from heat stress experienced in the day (Kovats and Hajat, 2008) and is identified as a 
significant contributing factor to heat-related mortality (Anderson et al., 2013). Bedroom 
temperatures are, therefore, judged to be perhaps the most important metric in domestic 
overheating assessment (Peacock et al., 2010). 
There are still challenges in establishing clear relationships between temperature, sleep 
and health outcomes (Anderson et al. 2013). Guidance given within the 7th edition of CIBSE 
guide A (CIBSE, 2006) suggests that sleep may be impaired above 24°C. There is still, however, 
some debate about the most appropriate overheating metric to use for bedrooms (Lomas and 
Porritt, 2017) with Lan et al. (2017) suggesting that the current thermal comfort theories and 
standards are not appropriate for sleeping people. The guidelines in CIBSE TM59 (CIBSE, 2017) 
accept that adaptive behaviour whilst sleeping is limited and adopt a static threshold of no 
more than 1% of annual occupied hours over 26° C for bedrooms. This threshold is also 
adopted by Public Health England as being a temperature that ‘cool areas’ in care homes and 
hospitals should be kept below (PHE, 2018). 
The concept of a ‘safe haven’ or a ‘cool retreat’ is proposed as a critical component in 
adapting housing for future heatwave scenarios (Zuo et al., 2015). Similarly, Ormandy and 
Ezratty (2016) state that relief and cooling can be achieved where there is a cool room 
available in the dwelling. At present, however, there is very little evidence of whether such a 
safe haven might exist in English homes in a hot summer. 
This paper sought to evaluate Public health England’s advice during heatwaves: “if 
possible, move into a cooler room, especially for sleeping” (PHE, 2018:28) by assessing the 
temperatures in 33 semi-detached houses across the English Midlands in one of England’s 
hottest summers. The study sought answers to the following questions: 
1. What is the extent of overheating in bedrooms during a hot summer? 
2. Do homes that are classed as overheating have a ‘safe haven’ to escape the heat, 
especially for sleeping? 
3. Are the cool rooms cool enough to enable high-quality sleep? 
2 Methods 
2.1 Data collection 
This paper uses data obtained from the DEFACTO field trial (Haines et al., 2019). Room 
temperature was monitored at five-minute intervals over three years in 188 semi-detached 
homes located across the East Midlands as part of a study into smart heating controls. This 
paper uses a sub-sample of 33 homes to investigate the temperatures monitored for a 122-
day period between 1 May and 30 August 2018. Where possible, the homes had a sensor 
installed in every room1, with between five and eleven in each home. 
The raw data on a five-minute timestep went through a phased cleaning process and 
was resampled to a half-hourly time step (Haines et al., 2019). Further post processing 
 
1 The sensors were placed by installers, where possible, at mid-room height to replicate the temperature 
experienced by occupants (Nicol et al., 2012). Although attempts were made to verify the location of sensors 
during the study period, this was not always possible. 
involved visual inspection of the data for erroneous or missing values. Where the sensor data 
appeared ‘suspect’ or there was evidence of heating from direct solar radiation, all data from 
the sensor was discarded for the whole monitoring period. In common with previous 
monitoring studies (Lomas and Kane, 2013; Vellei et al., 2017) there were occasional issues 
with wireless connections and loss of data, with all sensors experiencing some periods of 
missing data. This was identified, however, as being random and not related to factors such 
as high temperatures. In total, the sensors recorded data for a mean value of 97% of occupied 
hours during the monitoring period. 
The half-hourly data was resampled to an hourly reading and then to a time series that 
considered occupancy hours. As no information was available regarding actual occupancy 
schedules, the occupied hours were chosen to align with previous studies (Beizaee et al., 
2013; Lomas and Kane, 2013; McGill et al., 2017). For bedrooms, occupancy was assumed 
from 22:00 (first hourly measurement recorded at 23:00) to 07:00 the following day (last 
hourly measurement): a total of nine hours.  
In common with the majority of domestic monitoring studies, the temperatures 
monitored are air temperatures rather than operative temperatures referred to within 
overheating criteria. Hughes and Natarajan (2019), however, suggest that air temperature 
can be taken as a good approximation of operative temperature. Moreover, Lomas and Porritt 
(2017) propose that the sensors commonly used are likely to record an undetermined mix of 
air and radiant temperatures making them closer to those experienced by room occupants. 
2.2 Weather data 
Outdoor temperature data was obtained from the Centre for Environmental Data Analysis 
(Met Office, 2012) website for the seven weather stations (Table 1) located nearest to the 
respective study homes. In common with previous use of external weather station data 
(Beizaee et al., 2013; Lomas and Kane, 2013) it is assumed that the study homes experience 
the same external temperature as recorded at the specific weather stations. 
The summer of 2018 was the joint warmest on record with the mean outdoor 
temperature across the Midlands region being 2.8°C higher than the 1981-2010 long-term 
average (Met Office, 2018). Using the Nottingham Watnall weather data there were two 
periods that classified as a heatwave, i.e., at least three consecutive days with daily maximum 
temperatures meeting or exceeding the heatwave threshold of 27°C for East Midlands (Met 
Office, 2019). The first period was from 5 to 8 July and the second from 5 to 7 August. The 
hottest day fell on the 26 July but did not appear within a set of days to classify as a heatwave. 
  
Table 1. Weather stations closest to the study homes 
County Station name Src-id Latitude Longitude Postcode 
Leicestershire Market Bosworth: 
Bosworth Park 
30529 52.6228 -1.394 CV13 0 
Nottinghamshire Nottingham: 
Watnall 
556 53.0053 -1.24969 NG16 1 
East Midlands 18919 52.8829 -1.2777 NG10 3 
Northamptonshire Northampton: 
Moulton Park * 
578 52.2732 -0.87937 NN2 7 
Oxfordshire Wellesbourne** 596 52.2054 -1.60345 CV35 9 
West Midlands Coventry: Coundon 24102 52.4241 -1.53498 CV1 
Staffordshire Keele 622 52.9986 -2.2688 ST5 5 
Warwickshire Coleshill 19187 52.4798 -1.68925 B46 3 
*Until 22/7/18 23:00 
**From 23/7/18 00:00 
 
It was important for this study to establish how the summer of 2018 compares to 
previous hot summers, notably 2003, and how it compares to the predicted temperatures 
within CIBSE’s future climate files. The CIBSE files chosen were the current Test Reference 
Year (TRY) and Design Summer Year (DSY12). These files represent the “statistically typical 
scenario” and “near-extreme scenario of natural variability” respectively (Lee and Steemers, 
2017: 65). Future weather files for Nottingham in the 2050’s and 2080’s under a medium 
carbon emissions scenario were also analysed.  
The period from 1 May to 31 August was compared for the number of hours that 
temperatures exceeded temperature thresholds (Figure 1). The profile for Nottingham 2018, 
although not identical, closely follows the predicted profile of the 2080 CIBSE DSY1, 50th 
percentile weather file. Thus, the performance of homes in the summer of 2018 can be judged 
as a good benchmark for summers that are predicted to be more frequent by the 2050’s and 
beyond (McCarthy et al., 2019).  
 
2 There are three different DSY files available from CIBSE which represent summers with different types of hot 
events. The DSY1 represents a moderately warm summer. 
 
Figure 1.Hours over threshold temperatures during summer period (1 May to 31 August) for Nottingham in 2003, 2018 and 
CIBSE current and future weather files 
2.3 Sample data 
All houses in the sample were semi-detached. The study of this dwelling type is merited as 
they represent 25.3% or approximately 6 million properties across all tenures in the English 
housing stock (MHCLG, 2018). Moreover, the semi-detached dwelling type is not particularly 
identified as being at increased risk of overheating in previous monitoring studies. Dwelling 
and household information for the 33 study homes was obtained from the DEFACTO field 
study archive. Each home had a floorplan detailing the location and orientation of the rooms. 
Where bedrooms were not explicitly identified as the master bedroom, the largest bedroom 
on the floor plan was chosen for analysis purposes. Among the 158 rooms with temperature 
data, there were 32 master bedrooms and 46 non-master bedrooms monitored during 
summer 2018. A comparison of the study sample and the English housing stock is given in 
Table 2. 
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Table 2. Comparison of sample and English Housing Stock 
  D33 
sample 
%* 
English Stock 
2017-18 % 
Data source 
Dwellings: age and construction 
Usable floor 
area 
<50m2 0 2.9 MHCLG (2019) Table AT2.1 
floor area, owner occupied 
dwellings 
50-69 6 15.8 
70-89 33 27.2 
90-109 27 20.6 
>110m2 33 33.5 
House age Pre 1900 3 n/a Categories don’t align with 
age bands in English 
Housing survey 
1900-1929 27 n/a 
1930-1949 18 n/a 
1950-1966 18 n/a 
1967-1975 30 n/a 
1976-1982 3 n/a 
Post 1982 0 n/a 
Wall 
construction 
and insulation 
Cavity wall no insulation 6 20.6 MHCLG (2019) Table 
AT2.13, owner occupied 
homes of all types 
Cavity wall insulated 55 49.6 
Solid wall not insulated 30 25.8 
Solid wall insulated 3 2.2 
Other 6 1.8 
Loft insulation 0-200mm 55 n/a MHCLG (2019) Table 
AT2.11, all tenancies 200mm or more 42 37.5 
Other (insulation. at 
rafters) 3 
n/a 
SAP rating 
band 
A/B  3 1.0 MHCLG (2019) Table AT2.7, 
owner occupied homes, 
rating bands 
C 27 24.0 
D 55 53.2 
E 15 16.3 
F 0 4.3 
G 0 1.3 
Households: number of occupants and age of Household Representative Person (HRP) 
Number in 
household 
1-2 58 63 ONS (2018) 
3-5 42 37 
>5 0 
Age of HRP 16-24 3 0.7 MHCLG (2019) Table AT1.4 
Owner occupied homes 25-34 0 8.3 
35-44 10 15.3 
45-54 16 20.5 
55-64 42 19.2 
65 or over 29 36.0 
*The percentages ignore null responses, which were: Age of HRP 2 responses; Number in 
household 2 responses 
 
2.4 Overheating assessment 
The methods adopted for this study use the static criteria exemplified by those in the 
Chartered Institution of Building Services Engineers (CIBSE) guide A (CIBSE, 2006), i.e., no 
greater than 1% of annual occupied hours over 26°C for bedrooms. This criterion is also 
adopted as criterion 1B in CIBSE TM59 (CIBSE, 2017) in the assessment of overheating using 
dynamic thermal modelling. The study also analyses against the threshold of no more than 
5% of annual hours exceeding 24°C, which is commonly applied in previous monitoring studies 
(Beizaee et al., 2013; Lomas and Kane, 2013). This threshold also aligns with the guidance that 
temperatures over 24°C in bedrooms may impact sleep quality. Statistical analysis to produce 
descriptive statistics and assess differences between groups was carried out using SPSS v24 
software package. 
3 Results 
3.1 Observed temperatures 
The mean temperatures recorded in the master bedrooms (n=32) between 23:00 and 07:00 
in the 122-day monitoring period ranged from 20.6°C to 25.3°C with an average mean of 
22.8°C. The maximum temperatures recorded ranged from 26.7°C to 31.1°C with a mean of 
28.6°C. In the 32 homes that had temperature measurements in both living room and master 
bedroom, there were twenty homes where the mean temperature of the bedroom during 
occupied hours (night-time) was warmer than the respective living room during occupied 
hours (day-time). 
3.2 Prevalence of overheating using CIBSE static criteria 
The results in this section will be presented in two different but connected ways. Firstly, the 
percentage of occupied hours that temperatures exceeded the 24°C threshold and 26°C 
threshold. Secondly, the data is presented differently by plotting actual number of hours 
exceeding the thresholds for each room. As the monitored period is not a complete year this 
allows a direct comparison with the annual hourly exceedance according to the CIBSE static 
criteria. 
The main finding from analysis of master bedroom temperatures was that they were 
very warm during the occupied hours of 23:00 to 07:00 (Figure 2). All the 32 master bedrooms 
exceeded the 5%/24°C threshold; nearly 50% were over 24°C for a third of occupied hours. 
One house experienced temperature over 24°C for 71% of occupied hours. This is concerning 
for the occupants if we accept the premise that bedroom temperatures above 24°C may cause 
sleep impairment (CIBSE, 2006) and have an impact on health. 
A total of 97% of master bedrooms- all but one home- exceeded the 1% of occupied 
hours over 26°C. In one home, the master bedroom experienced temperatures over 26°C for 
nearly 40% of occupied hours. This represents 440 hours or nearly 49 nights if a nine-hour 
bedroom occupancy is assumed.  
It is useful to compare the observed number of hours over the thresholds with the 
annual hours ‘allowable’ for each threshold. Figure 3 shows that 29 master bedrooms (91%) 
had monitored temperatures above 24°C for more occupied hours than the 5% annual hours 
threshold of 164 hours. Furthermore, when considering the 1% of annual hours over 26°C, 25 
master bedrooms (78%) exceeded the threshold of 33 hours. 
 Figure 2. Percentage of occupied hours (23:00 to 07:00) the temperature exceeded 24°C and 26°C in master bedrooms during 
122-day monitoring period 
 
Figure 3. Number of hours the temperature exceeded 24°C and 26°C in master bedrooms during 122-day monitoring period 
compared to CIBSE annual hours thresholds 
The above charts show that there is considerable variation in experienced bedroom 
temperatures considering that the sample is composed of a single dwelling type and 
experiencing similar weather conditions. These findings align with those of Mavrogianni et al. 
(2012) where greater temperature variation was discovered within dwelling type than 
between dwelling types. This suggests that caution must be exercised in assuming that certain 
building types are not at undue risk of summer overheating. 
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3.3 Search for a ‘safe haven’  
The concept of a ‘safe haven’ or a cool retreat within a home relies on the fact that the 
behaviour of people might be to seek out a cooler room within their home to maintain their 
thermal comfort if such a room exists. Research by Wright et al. (2018) suggests that this is a 
credible ‘adaptive’ behaviour of people to high bedroom temperatures. Moreover, advice 
given to homeowners by Public Health England in their heatwave plan for England (PHE, 2018: 
28) advises that people “move into a cooler room especially for sleeping”. The following 
analysis therefore considers the homes where monitored temperatures were available for 
bedrooms other than the designated master bedroom. The analysis was based on an 
alternative ‘cooler’ bedroom for sleeping in the dwelling. It doesn’t consider the practicalities 
of another room for sleeping (e.g. number of occupants in the home, is the room used as an 
office, etc.) but attempts to evaluate the thermal conditions that people would experience 
overnight should they sleep in this room. The CIBSE static criteria of 5% occupied hours over 
24°C and 1% occupied hours over 26°C was applied to determine the coolest bedroom for 
each home over the monitoring period.  
The master bedroom was the coolest bedroom in only 9 out of the 33 homes (i.e. 27%). 
32 bedrooms (97% of sample) had more than 5% of occupied hours over 24°C with 31 
exceeding the 1% of occupied hours 26°C threshold (Figure 4). When considering actual hours, 
a total of 27 bedrooms (82% of sample) had occupied hours greater than the CIBSE 5% of 
annual hours (164 hours) over 24°C threshold. Also, 23 bedrooms (70%) had occupied hours 
greater than the CIBSE 1% of annual hours (33 hours) over 26°C (Figure 5), indicating that a 
large percentage of homes would still be classed as overheating. 
Comparing the results for the coolest bedroom with results for master bedrooms over the 
122-day monitoring period (Table 3) shows that the exceedance of the 1%/26°C and 5%/24°C 
threshold is only marginally reduced; from 97% to 94% of homes for the former, 100% to 97% 
for the latter. If actual numbers of hours exceeding the CIBSE annual limits for both 24°C (164 
hours) and 26°C (33 hours) are considered, two fewer homes would be categorized as 
overheating basing the analysis on the coolest bedroom in the property. Furthermore, the 
average percentage of hours over 26°C is reduced from 12% to 9%, representing 
approximately 27 fewer hours. 
Table 3. Number of rooms with master bedroom and coolest monitored bedroom exceeding the fixed thresholds (1%/26°C, 
5%/24°C) and number exceeding the annual hours thresholds 
Number 
(%) of 
rooms 
>1% OHa 
with 
temp>26°C 
>5% OH 
with 
temp>24°C 
Mean 
% of 
hours>
26°C 
Mean 
% of 
hours>
24°C 
OH> CIBSE 1% 
annual hrs (33 
hours) >26°C 
OH> CIBSE 5% 
annual hrs 
(164 hours) 
>24°C 
Master 
Bedroom 
(n=32) 
31 (97%) 32 (100%) 12.0 31.4 25 (78%) 29 (91%) 
Coolest 
bedroom 
(n=33) 
31 (94%) 32 (97%) 9.6 26.8 23 (70%) 27 (82%) 
aOH: Occupied hours 
Of course, the analysis presented above over the whole study period of 122 days may 
not adequately determine whether a safe haven exists on a particular hot day. It does, 
however, suggest that over a hot summer period it might be more difficult to find a cooler 
bedroom to sleep. 
 
 
Figure 4. Percentage of occupied hours (23:00 to 07:00) the temperature exceeded 24°C and 26°C in coolest bedroom during 
122-day monitoring period 
 
Figure 5. Number of hours the temperature exceeded 24°C and 26°C in coolest bedroom during 122-day monitoring period 
compared to CIBSE annual hours thresholds 
For master bedrooms the average percentage of hours above 24°C was significantly higher 
(p<0.1) for homes occupied by 3 or more people compared with 1-2 people. For these homes 
the potential to sleep in a different (cooler) bedroom will be more limited. 
To investigate other rooms within the dwellings. The temperatures in the living room 
during night-time hours (23:00 to 07:00) were analysed against the 24°C and 26°C thresholds, 
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i.e., as if they were to be used as a bedroom. This provided quite different results. Figure 6 
and Figure 7 show the master bedrooms arranged from least to most overheated and thus 
allows comparison with the number of hours exceeding the thresholds for the respective 
living room. 
 
Figure 6.Number of occupied hours exceeding 24°C in living room and master bedroom during night hours (23:00 to 07:00) 
in 122-day monitoring period 
 
 
Figure 7. Number of occupied hours exceeding 26°C in living room and master bedroom during night hours (23:00 to 07:00) 
in 122-day monitoring period 
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The results show that living rooms if re-categorized as a bedroom experienced 
considerably fewer hours over both the 24°C and 26°C thresholds. When judged against the 
26°C annual hours threshold the number of homes classed as overheating falls from 25 out of 
32 (78%) to 11 out of 32 (34%). Similarly, the average percentage of hours over 26°C shows a 
substantial decline from 12% in master bedrooms to 2% in living rooms. This suggests that, 
despite the obvious practicalities, people in over two thirds of the homes will be able to find 
a safe haven from heat overnight by sleeping in a downstairs room.  
4 Discussion 
Of the 32 master bedrooms, only one was found not to exceed 1% of occupied hours over 
26°C. With 25 out of 32 (78%) failing against the 1% of annual hours greater than 26°C 
threshold it indicates that many occupants were subject to temperatures that might disrupt 
sleep and impact on their health. This study showed comparable results to dwellings studied 
in 2018 by Hughes and Natarajan (2019) where 94% of bedrooms failed CIBSE TM59 criterion 
1B. The hot summer of 2018 can be considered atypical in the current climate but could be 
more common than not by mid-century. Overheating in bedrooms may therefore become a 
chronic problem in future summers as the climate warms. 
The concept of a safe haven was predicated on the idea that people will seek out the 
coolest bedroom to sleep. The research sought to evaluate Public Health England’s advice to 
move to a cooler room in hot weather and to answer the question of whether homes that 
overheat have these safe havens. The research highlighted two noteworthy results. Firstly, 
the reduction in the number of homes classed as overheating considering the coolest 
bedroom was only marginally reduced (70% cf. 78%), although there was a reduction in the 
number of hours exceeding 24°C; indicating some respite from elevated temperatures for the 
occupants. Secondly, ground floor living rooms were considerably cooler during night-time 
hours. Two-thirds of the study homes would not be classed as overheating if the living room 
was a functional bedroom. The summer of 2018 was hotter, but also sunnier than average 
(McCarthy et al., 2019). As bedrooms are typically located on the first floor perhaps this 
represents greater solar irradiance in bedrooms contributing to higher temperatures and 
therefore a need to consider external shading of some form. 
The finding that master bedrooms in homes with 3+ people had significantly greater 
percentage of hours above 24°C than those with 1-2 people indicates that those in most need 
of a cooler bedroom may not have access to one. 
There were only nine homes where the master bedroom was the coolest, which 
perhaps indicates that occupants are not carrying out different practices to keep their 
sleeping room cooler than other bedrooms, or if they are then these practices are insufficient 
to significantly reduce temperatures in the main bedroom. There are, however, many 
confounding factors that might contribute to overheating of these specific bedrooms.  
Moving to another room can be considered an adaptive behaviour. Survey evidence 
from Raw (2018), however, suggests that this might not be common behaviour; less than 5% 
of respondents would avoid using certain rooms in the home in response to warm conditions. 
A limitation of this study is that there is no way of telling whether people actually did choose 
to sleep downstairs. Even the presence of a cooler room on the ground floor would provide 
some respite from an overheating bedroom, even if only used for a short period. The lead 
author of this paper adopted this very strategy during a short heatwave in 2019. Further study 
using occupant diaries, or some form of occupancy detection could shed more light on the 
issue. 
This still leaves the question of the most suitable metric for assessing overheating in 
bedrooms unresolved. Research by Nicol and Humphreys (2018) proposes that more work 
needs to be done to assess the relationship between bedroom air temperature and the close-
to-body temperature achieved by the sleeping person. It seems likely that neither the static 
26°C temperature nor the adaptive comfort approach of TM52 adequately describes 
overheating risk in bedrooms. It is suggested (Sharpe et al., 2014) that bedrooms overnight 
represent ‘steady-state’ conditions with little or no adaptive behaviour taking place. But 
‘adaptive’ behaviours are likely to be enacted when people first go to bed as they set in place 
the room they might choose to sleep in, the nightwear and bedding they will use and any 
windows they might want to leave open. A further accepted criticism of a static threshold is 
that it does not consider the severity of overheating on any particular day. Furthermore, a 
run of consecutive hot nights could impact on health much more than a ‘steady’ accumulation 
of hours over the whole summer period (Brooke Anderson and Bell, 2011; Rocklöv et al., 
2011). Considering the need to build new houses and adapt existing ones it will be essential 
and urgent to determine what criteria to judge these bedrooms against to ensure conditions 
that aren’t detrimental to health. 
5 Conclusions 
This study used temperature data from 33 semi-detached homes located across the English 
Midlands to determine the extent of bedroom overheating during a 122-day period in the 
summer of 2018: one of the hottest summers on record. Advice given in heatwave plans 
suggest that people move to a cooler room, especially for sleeping in hot conditions. This 
study sought to determine if such a cooler room exists in homes that might be classed as 
overheating. The overheating levels in the homes were assessed using existing static criteria 
of no more than 1% of occupied hours over 26°C. Occupied hours over 24°C, which is 
suggested as being a temperature above which sleep can be disrupted, were also determined. 
The key findings from this study are: 
• All master bedrooms had more than 5% of occupied hours above 24°C. Furthermore, 
when judged against the annual hours threshold of 33 hours above 26°C, 25 out of 32 
(78%) master bedrooms would be classed as overheating. 
• Basing the overheating assessment on the coolest bedroom led to a slight decline in 
homes failing the criteria, but still meant that 70% of homes would be classed as 
overheated; there was, however, a slight reduction in the average percentage of hours 
over temperature thresholds, offering some respite to people sleeping in the coolest 
bedroom.  
• The living room during night-time hours offered people more chance of achieving 
respite from the heat; two-thirds of the sample homes would not be classed as 
overheating during sleeping hours. More work is needed to establish if this is a pattern 
replicated in different dwelling types. It does, however, suggest that occupants in 
single floor dwellings, such as bungalows and flats, might struggle more to find safe 
havens.  
In conclusion, although the advice given by Public Health England to choose a cooler 
room is well founded, the findings from this study suggest that in a hot summer, a significant 
majority of bedrooms have considerable levels of overheating offering limited escape from 
the heat during sleeping hours. Living rooms were considerably cooler during night-time but 
the practicalities of people being able to sleep in these rooms may limit it as a credible 
adaptive behaviour to overheating bedrooms. 
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